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4. Pompe h vide du type ^ vis salon Tune des 
revendications 1 a 3, dans laquelle les nnoyens 
d'etancheite (18B) comprennent, d'une manie- 
re fixee axialement, una bague d'etancheite 
(51), une entretoise (52), une bague en carbo- 5 
ne (53), un joint de vis (54). un dispositif (56) 

de retenue de joint d'etancheite. et un labyrin- 
the (57). le joint de vis (54) etant pourvu d'une 
rainure (54a) de guidage du gaz h I'oppos^ 
d'une ouverture du trou (16) de purge du gaz. io 

5. Pompe h vide du type k vis selon Tune quel- 
conque des revendications 1^4, dans laquelle 
des moyens de commande d'ecoulement 
(37.40) sent prevus de maniere a pernnettre 75 
exclusivement audit gaz inerte de p^n^trer 
dans lesdits moyens formant chambres de tra- 
vail (6) lorsqu'un gaz de traitement pompe est 
introduit par aspiration dans lesdits moyens 
formant chambres de travail (6). 20 

6. Pompe a vide du type k vis selon Tune des 
revendications 1^5. 

- dans laquelle il est pr^vu un carter d'en- 
grenages (60). dans lequel p^n^tre la 25 
partie du gaz inerte qui p^n^tre dans la 
partie d'etancheite situee cote refoule- 
ment. 

- dans laquelle il est prevu des moyens 
(63,64,65) pour extraire ledit gaz inerte 30 
dudit carter d'engrenages (60) et separer 
I'huile dudit gaz inerte, 

- dans laquelle des conduits de passage 
sont prevus pour delivrer ledit gaz inerte 
s^pare h la sortie de refoulement (15). 35 

7. Pompe k vide du type k vis selon la revendl- 
cation 6, dans laquelle des moyens formant 
vanne de commutation (69) sont prevus pour 
renvoi dudit gaz inerte s^par^ k ladite entree 40 
d'aspiration (14) pendant une periode predeter- 
minee apres le fonctionnement de ladite pom- 
pe et pour la delivrance dudit gaz inerte sepa- 

r§ k ladite sortie de refoulement (15) au bout 

de r^coulement de ladite periode pred^termi- 45 

n6e. 
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Kohlenstoffring (53), eine Schraubendichtung 
(54), einen Dichtungshalter (56) und ein Laby- 
rinth (57) enthalten, wobei die Schraubendich- 
tung (54) nnit einer Gasfuhrungsnut (54a) ge- 
genuber einer Offnung der Gasspuloffnung 5 
(16) versehen ist. 

5. Schraubenvakuumpumpe nach einem der An- 
spruche 1 bis 4, bei der Stronnungssteuerein- 
richtungen (37, 40) vorgesehen sind, damit nur io 
das Inertgas in die Arbeitskammereinrichtung 

(6) eintreten kann, wenn ein gepumptes Pro- 
ze/Jgas in die Arbeitskamnnereinrichtung (6) 
gesaugt wird. 

75 

6. Schraubenvakuumpumpe nach einem der An- 
sprUche 1 bis 5, 

- bei der ein Getriebegehause (60) vorge- 
sehen ist, in das der Tell des Inertgases 
gefuhrt wird, der in den forderseitigen 20 
Dichtungsabschnitt stromt. 

- bei der Einrichtungen (63, 64, 65) fur ein 
Abfuhren des Inertgases aus dem Getrie- 
begehause (60) und zur Abtrennung von 

01 aus dem Inertgas vorgesehen sind, 25 
und 

- bei der Leitungen vorgesehen sind. um 
das abgetrennte Inertgas zum Abfuhraus- 
lafi (15) zu liefern. 

30 

7. Schraubenvakuumpumpe nach Anspruch 6, bei 
der eine Umschaltventiieinrichtung (69) zur Lie- 
ferung des abgetrennten Inertgases zum An- 
saugeinlafi (14) wahrend eines vorherbestimm- 

ten Zeitabschnitts nach dem Betrieb der Rum- 35 
pe und zur Lieferung des getrennten Inertga- 
ses zum AbfuhrauslaO (15) vorgesehen ist, 
nachdem der vorherbestimmte Abschnitt ver- 
strichen ist. 

40 

Revendlcations 

1. Pompe a vide du type a vis comprenant 

- un carter de pompe (1) possedant une 
entree d'aspiration (14) et une sortie de 45 
refoulement (15), 

- un couple de rotors (4.5) incorpores dans 
ledit carter de pompe (1) et supportes a 
leurs extremites opposees, de maniere a 
pouvoir tourner, lesdits rotors (4,5) en- 50 
grenant reciproquement pour tourner 
d'une maniere synchrone, 

- des moyens (6) formant chambres de 
travail, definis par lesdits rotors (4,5) et 
ledit carter de pompe (1), 55 

- des moyens formant paliers (7A,8A; 
7B,8B) prevus dans ledit carter de pom- 
pe (1) pour supporter lesdits rotors (4,5), 
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et 

- des moyens d'etancheite (17A,18A; 
17B,18B) disposes dans ledit carter de 
pompe en etant associes aux moyens 
respectifs formant paliers (7A,8A; 7B,8B), 

caracterisee par 

- des moyens (16) pour introduire un gaz 
inerte en direction d'au moins les 
moyens d'etancheit^ (17B,18B) associes 
aux moyens formant paliers (7B.8B) au 
voisinage de ladite ouverture de refoule- 
ment (15), 

- une partie dudit gaz inerte penetrant 
dans la partie d'itancheite situee sur le 
cote refoulement en empechant Thuile 
de iubrification de fuir depuis ie palier 
associe (7B.8B) en direction des moyens 
formant chambres de travail (6), et 

- le reste du gaz inerte circule en direction 
des moyens formant chambres de travail 
(6) en reduisant la pression partielle du 
gaz de traitement dans la pompe de sor- 
te qu'un produit secondaire de reaction 
peut difficilement se deposer dans la 
pompe, et en §tant comprime de fagon 
adiabatique pour produire une chaleur de 
mani§re a chauffer les rotors (4,5) et le 
carter de pompe (1), ce qui empeche 
egalement une accumulation du produit 
secondaire de reaction sur les rotors 
(4,5) et dans le carter de pompe (1). 

2. Pompe a vide du type k vis selon la revendi- 
cation 1. 

- dans laquelle chacun des rotors (4,5) est 
equipe d'une pluratite de portees et de 
gorges h^licoTdales, 

- les moyens formant chambres de travail 
(6) comprennent un couple de chambres 
de travail definies par lesdits rotors (4,5) 
et ledit carter de pompe (1) le long des 
gorges respectives des rotors (4,5), I'une 
desdites chambres de travail assumant 
une fonction de compression (6c) et une 
fonction de refoulement (6d) et Tautre 
chambre de travail servant a assumer 
une fonction d'aspiration (6a) et une 
fonction de transfert (6b), et 

- dans lequel lesdits moyens (16) dNntro- 
duction du gaz inerte introdulsent ledit 
gaz inerte dans ladite chambre de travail 
de refoulement (6a). 

3. Pompe a vide du type ^ vis selon la revendi- 
cation 1 ou 2. dans laquelle des moyens (16) 
pour introduire un gaz inerte comprennent au 
moins un trou (16) de purge du gaz, prevu 
dans le carter de pompe (1). 
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(53), a screw seal (54), a seal retainer (56), and 
a labyrinth (57), the screw seal (54) being 
provided with a gas guide groove (54a) op- 
posite to an opening of the gas purge hole 
(16). 5 

5. A screw type vacuum pump according to one 
of the claims 1 to 4, wherein flow control 
means (37, 40) are provided for exclusively 
allowing said Inert gas passing into said work- io 
ing chamber means (6) when a pumped pro- 
cess gas is sucked into said working chamber 
means (6). 

6. A screw type vacuum pump according to one 75 
of the claims 1 to 5, 

- wherein a gear case (60) Is provided into 
which the part of the inert gas is passed, 
that flows into the discharge side sealing 
portion. 20 

- wherein means (63. 64. 65) are provided 
for extracting said inert gas from said 
gear case (60) and for separating oil from 
said inert gas, and 

- wherein passage lines are provided for 25 
delivering said separated inert gas to the 
discharge outlet (15). 

7. A screw type vacuum pump according to claim 

6, wherein a change valve means (69) is pro- 30 
vided for delivering said separated inert gas to 
said suction inlet (14) during a predetermined 
period after operation of said pump and for 
delivering said separated inert gas to said dis - 
charge outlet (15) after a lapse of said pre- 35 
determined period. 

PatentansprUche 

1. Schraubenvakuumpumpe mit 40 

- einem einen Ansaugeinla/5 (14) und einen 
Abfuhrausla/J (15) aufweisenden Pum- 
pengehause (1), 

- einem Paar von in das Pumpengehause 

(1) eingebauten Rotoren (4, 5), die dreh- 4s 
bar an dessen gegenuberliegenden En- 
den gelagert sind, wobei die Rotoren (4, 
5) so miteinander kammen. da/3 sie syn- 
chron drehen, 

- einer Arbeitskammereinrichtung (6). die so 
von den Rotoren (4, 5) und dem Pum- 
pengehause (1) gebildet wird, 

- Lagereinrichtungen (7A, 8A; 7B, 8B), die 
in dem PumpengehSuse (1) zur Lage- 
rung der Rotoren (4. 5) vorgesehen sind. 55 
und 

- Dichtungseinrichtungen (17A, 18A; 17B, 
188), die in dem Pumpengehause ange- 



ordnet und den jeweiligen Lagereinrich- 
tungen (7A, BA; 78, 88) zugeordnet sind, 
gekennzeichnet durch 

- Einrichtungen (16) fur eine Einfuhrung 
eines Inertgases in Richtung wenigstens 
der Dichtungseinrichtungen (178. 188), 
die den an den ForderauslaB (15) an- 
grenzenden Lagereinrichtungen (78, 88) 
zugeordnet sind, 

- wobei ein Teil des Inertgases in den for- 
derseitigen Dichtungsabschnitt str5mt, 
der einen Leckstrom von SchmierdI aus 
dem zugeordneten Lager (78, 88) zu der 
Arbeitskammereinrichtung (6) verhindert 
und 

- wobei der Rest des Inertgases in Rich- 
tung der Arbeitskammereinrichtung (6) 
stromt und dabei den Partialdruck des 
Prozefigases in der Pumpe so verringert, 
daB sich ein Nebenreaktionsprodukt 
kaum in der Pumpe ablagern kann. und 
adiabat komprimiert wird, um Warme zur 
ErwMrmung der Rotoren (4, 5) und des 
Pumpengehauses (1) zu erzeugen, wo- 
durch auflerdem eine Anhaufung des Ne- 
benreaktionsprodukts an den Rotoren (4. 
5) und an dem Pumpengehause (1) ver- 
hindert wird. 

Schraubenvakuumpumpe nach Anspruch 1 , 

- bei der jeder der Rotoren (4, 5) mit einer 
Vielzahl von schraubenformigen Vor- 
sprungen und Nuten versehen ist, 

- die Arbeitskammereinrichtung (6) ein 
Paar von Arbeitskammern aufweist, die 
von den Rotoren (4, 5) und dem Pum- 
pengehause (1) entlang der jeweiligen 
Nuten der Rotoren (4, 5) gebildet wer- 
den. wobei eine der Arbeitskammern zur 
DurchfUhrung einer Kompression (6c) 
und einer Forderfunktion (6d) und die 
andere Arbeitskammer zur DurchfUhrung 
eines Ansaugvorgangs (6a) und einer 
Uberfuhrfunktion (6b) vorgesehen ist und 

- bei der die Einrichtungen (16) zur Einfuh- 
rung des Inertgases das Inertgas in die 
fordernde Arbeitskammer (6d) einfuhren. 

Schraubenvakuumpumpe nach Anspruch 1 
Oder 2, bei der die Einrichtungen 16 zur Ein- 
fUhrung des Inertgases wenigstens eine in 
dem Pumpengehause (1) vorgesehene Gas- 
spUloffnung (16) aufweist. 

Schraubenvakuumpumpe nach einem der An- 
sprUche 1 bis 3, bei der die Dichtungseinrich- 
tungen (188) in axial befestigter Weise einen 
Dichtungsring (51), ein Distanzstuck (52), einen 
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the gear case 60 to the discharge outlet 15 to 
balance the gear case 60 on the inert gas extrac- 
tion. 

The operation of the above explained vacuum 
pump will be described hereinunder. 

The suction inlet 14 is connected to a vessel to 
be evacuated to introduce gas from the vessel as 
shown in an arrow into the working chamber means 
6. The introduced gas is released from the dis- 
charge outlet 15 to the atmosphere through a dis- 
charge line and a silencer (both not shown). 

Lubricating oil accumulated in a bottom of the 
gear case 60 is dispensed to portions to be lubri- 
cated respectively through an oil pump, an oil 
cooler and oil supply lines which are not shown. 

On the operation of the vacuum pump, the inert 
gas containing lubricating oil passes through the 
first oil separator 64 in which a large part of 
lubricating oil is separated from the inert gas and is 
returned to the gear case 60 through the return line 
66. The first oil separator 64 must cause little or 
negligible pressure loss. If the first oil separator 64 
causes a large pressure loss, the pressure at an 
interior of the first oil separator 64 becomes lower 
than that at an inlet of the separator 64, which is 
identical with the pressure in the gear case 60. 
Consequently lubricating oil and inert gas flow back 
from the gear casing 60 (a lower pressure part) to 
an Interior of the first oil separator 64 (a higher 

pressure part). 

The remainder lubricating oil is separated from 
the inert gas in the fine oil separator 65 and the 
inert gas containing no lubricating oil is delivered to 
the discharge outlet 15. Fine lubricating oil passing 
through the second pressure balance line 67 is 
adsorbed by the fore-line trap 68. 

According this, a complete dry screw type 
vacuum pump is presented. 

As described above, in accordance with this 
embodiment, since lubricating oil contained in the 
inert gas to be supplied to the discharge side 
sealing means is removed from the inert gas, a 
complete dry screw type vacuum pump having 
improved seal performance is provided. 

Claims 

1. A screw type vacuum pump comprising 

- a pump casing (1) having a suction inlet 
(14) and a discharge outlet (15), 

- a pair of rotors (4, 5) incorporated within 
said pump casing (1) and rotatively car- 
ried at opposite ends thereof, said rotors 
(4, 5) meshing with each other to rotate 
in synchronized manner 

- working chamber means (6) defined by 
said rotors (4, 5) and said pump casing 

(1). 



- bearing means (7A, 8A; 7B, 8B) provided 
in said pump casing (1) for carrying said 
rotors (4, 5) and 

- sealing means (17A, 18A; 17B. 188) dis- 
5 posed in said pump casing associated 

with the respective bearing means (7A, 
8A; 78. 88), 
characterized by 

- means (16) for introducing an inert gas 
70 towards at least the sealing means (178, 

188) associated with the bearing means 
(78, 88) adjacent said discharge outlet 
(15), 

- whereby a part of said Inert gas flows 
75 into the discharge side sealing portion 

preventing lubricating oil from leaking 
from the associated bearing (78, 88) to 
the working chamber means (6) and 

- whereby the rest of the inert gas flows 
20 towards the working chamber means (6) 

lowering the partial pressure of process 
gas in the pump so that a side reaction 
product can hardly be deposited in the 
pump, and being adiabatically com- 
25 pressed to generate heat to heat the 

rotors (4, 5) and the pump casing (1) 
preventing also accumulation of the side 
reaction product on the rotors (4. 5) and 
the pump casing (1). 

30 

2. A screw type vacuum pump according to claim 
1, 

- wherein each of the rotors (4, 5) is pro- 
vided with a plurality of helical lands and 

36 grooves, 

- the working chamber means (6) com- 
prise a pair of working chambers defined 
by said rotors (4, 5) and said pump cas- 
ing (1) along the respective grooves of 

40 the rotors (4, 5). one of said working 

chambers being for making a compres- 
sion (6c) and a discharge (6d) function 
and the other working chamber being for 
making a suction (6a) and a transfer (6b) 

45 function and 

- wherein said means (16) for introducing 
inert gas introduce said inert gas into 
said discharging working chamber (6d). 

50 a A screw type vacuum pump according to claim 
1 or 2. wherein means (16) for introducing inert 
gas comprise at least one gas purge hole (16) 
provided in the pump casing (1). 

55 4. A screw type vacuum pump according to one 
of the claims 1 to 3, wherein the sealing 
means (188) include in an axially fixed manner 
a seal ring (51), a spacer (52). a carbon ring 
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guide groove 54a opposite to an opening of the 
gas purge hole 16. According this, the introduced 
inert gas is smoothly delivered towards the sealing 
means 18B. 

In this embodiment, in addition to these sealing 
members, a felt seal 50 is disposed adjacent the 
working chamber means 6 and is mounted in an 
annular groove formed in an inner wall of the 
discharge side casing portion 12 so as to contact 
with an outer periphery of the discharge side rotor 
shaft 5B. According this, the dust is prevented from 
flowing from the sealing means 18B to the bearing 
8B, which dust is, for example, the deposited reac- 
tion product generated from gases between the 
working chamber means 6 and an outlet (not 
shown in Figs. 8 and 9) in the semiconductor 
manufacturing device. Further a gas tightness of 
the working chamber means 6 is improved, so that 
a higher negative pressure can be obtained. 

A part of the inert gas introduced from the gas 
purge hole 16 is sucked into the working chamber 
means 6 and is adiabatically compressed therein to 
generate heat to heat the rotors and the casing 
wall. In general, a reaction product generated in a 
semiconductor manufacturing process remains in a 
gaseous form when heated, not deposit as solid 
substance. Therefore, the process gas can be dis- 
charged through the discharge outlet without clog- 
ging the pump. 

Fig. 9 shows the structure of the discharge 
side sealing means 188 only. It should be noted 
that the suction side sealing means 18A has the 
same structure as the discharge side sealing 
means 188 except for the gas purge hole 16. 
However, it may be possible to introduce the inert 
gas from not only the discharge side sealing 
means 188 but also the suction side sealing means 
18A by making the structure of the suction side 
sealing means 18A identical to that of the dis- 
charge side sealing means 188. 

Further it should be noted that the structure 
concerned in the male rotor 4, which has not been 
explained, has the same one of the female rotor 5 
explained hereinabove. 

In this embodiment, since the partial pressure 
(density) of the process gas in the pump Is re- 
duced, the deposition of side reaction product is 
inhibited. Further, by introducing the inert gas into 
the sealing means in an amount targe enough to be 
adiabatically compressed to obtain heat by which 
the deposition of reaction product on the rotors 4 
and 5 and the inner casing wall is inhibited, the 
pump may be used as a screw type dry vacuum 
pump for roughly discharge the reaction product 
from a line of a device, e.g. a semiconductor man- 
ufacturing device in which a great amount of reac- 
tion product is generated. 
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Further in case of a CVD device, it is a com- 
mon practice to dilute the process gas discharged 
from the vacuum pump with duluter nitrogen gas 
and to discharge them to the scrubber in the safety 

5 point of view. In this embodiment, since nitrogen 
gas is delivered to the sealing means, such duluter 
nitrogen gas may be omitted. In addition, since the 
dilution is carried out within the vacuum pump, it 
can be possible to enhance the safety in operation 

10 of the vacuum pump. 

It can be also possible to prevent lubricating oil 
from leaking from the bearings and the timing 
gears to the working chamber means through the 
sealing means. 

75 The inert gas flowing towards the discharge 

side bearings urges lubricating oil to a gear case 
incorporating the timing gears. According this, 
lubricating oil is prevented from leaking into the 
working chamber means to obtain a clean vacuum. 

20 On the other hand, since the inert gas accu- 

mulates within the gear case to increase the pres- 
sure therein, it becomes necessary to release the 
accumulated inert gas therefrom through vent 
means. However, since such inert gas contains the 

25 lubricating oil, it is preferable to separate lubricat- 
ing oil from the inert gas and return it to an oil 
sump in the gear case. 

The embodiment equipped with the vent 
means, in view of the above, will be explained 

30 hereinunder with referring to Fig. 10. 

The gear case 60 attached to the casing 1 
incorporate therein a pair of timing gears and an 
accelerating gear 62 fitted onto an output shaft of a 
motor 61 for meshing with one 9 of the timing 

35 gears. The gear case 60 accumulates a predeter- 
mined amount of lubricating oil which is supplied 
from an oil pump (not shown) through a supply 
nozzle (not shown) provided on the gear case 60. 
First pressure balance line 63 extends from the 

40 gear case 60 to the discharge outlet 15. A first oil 
separator 64 and a second oil separator 65 are 
disposed in series in the first pressure balance line 
63. Lubricating oil separated from the inert gas in 
the first oil separator 64 is returned to the oil sump 

45 in the gear case 60 through a return line 66. 

Second pressure balance line 67 extends from 
a top of the end cover 13 to the suction inlet 14 so 
as to balance the pressures at the suction side oil 
sump 20 and the suction inlet 14. A fore-line trap 

50 68 is disposed in the second pressure balance line 
67. A change valve 69, e.g. a three way solenoid 
valve is disposed in the first pressure balance line 
63 between the second oil separator 65 and the 
discharge outlet 15. The change valve 69 is 

55 changed over to communicate the gear case 60 to 
the oil sump 20 during a predetermined period 
after operation of the vacuum pump. Thereafter the 
change valve 69 is changed over to communicate 
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of mass flow controllers 37, 38 and 39 is a fine flow 
control means and can always control a flow rate of 
gas passing through a passage line to which it is 
mounted. The mass flow controller includes a flow 
rate sensor, a control valve and a control circuit 
therefor. The automatic pressure control valve 
means 34 serves to keep the pressure in the 
reaction chamber 31 at a predetermined level dur- 
ing reaction therein. The valve means 34 detects 
the pressure in the discharge side end of the 
reaction chamber 31 by a detecting means (not 
shown) and operates to keep such detected pres- 
sure in a predetermined level. In case that the 
pressure control in the reaction chamber 31 is 
effected by means of drive control of the vacuum 
pump 36, the valve means 34 is not necessary. 

The butterfly valve 35 is normally in an open 
position. The valve 35 is closed, for example, to 
repair or maintain the vacuum pump 36. The sole- 
noid valves 40. 41 and 42 are opened or closed in 
response to a command signal from through a 
control line 43. 

DIchlorsilane (SiHaCb) flows in the gas pas- 
sage line 45 into the reaction chamber 31 through 
the solenoid valve 42 and the mass flow controller 
39. On the contrary, ammonia (NH3) flows in the 
gas passage line 44 into the reaction chamber 31 
through the solenoid valve 41 and the mass flow 
controller 38. Nitrogen gas (N2) flows in the gas 
supply passage line 46 into the gas purge hole 16 
of the pump 36 through the solenoid valve 40 and 
the mass flow controller 37. In this system, a 
common flow meter can be used instead of the 
mass flow controllers 37 and 39. 

The main valve 32 has a discharge capacity 
larger than that of the slow discharge valve 33. 
Both valves 32 and 33 are always closed when the 
pump 36 is inoperated. The slow discharge valve 
33 is changed to an open position on an initial 
operation stage of the pump 36 and discharge 
process gas from the reaction chamber 31 at a low 
flow rate. After a predetermined time elapses, the 
main valve 32 is also changed to an open position 
to cooperate with the slow discharge valve 33 to 
discharge process gas from the reaction chamber 
31 at a mixmum flow rate. 

When the valve open command signal is deliv- 
ered through the control line 43 to the solenoid 
valves 41 and 42, they are opened to introduce 
dichlorsilane and ammonia into the reaction cham- 
ber 31. The valve open command signal is also 
delivered to the solenoid valve 40 to open it. Nitro- 
gen gas is introduced into the working chamber 
means 6 of the pump 36 to reduce the partial 
pressure of the process gas (dichlorsilane gas and 
ammonia gas) in the pump 36. When the valve 
close command signal is delivered through the 
control line 43 to the solenoid valves 41 and 42, 



they are closed to block the flow of process gas 
into the reaction chamber 31. Simultaneously the 
solenoid valve 40 is also closed to block the flow of 
nitrogen gas into the pump 36, so that the base 
5 pressure in the reaction chamber 31 is kept in 
sufficiently low level. 

According this, the partial pressure (density) of 
process gas in the pump 36 is reduced, so that the 
side reaction product can be hard to deposit in the 
10 pump 36. The inert gas is adiabatically com- 
pressed to generate heat to heat the rotors and the 
casing wall of the pump 36. This prevents the side 
reaction product from accumulating on the rotors 
and the casing wall of the pump 36, whereby 
75 improving the reliability of the pump 36. 

With referring to Figs. 8 and 9 still another 
embodiment will be explained hereinunder. 

In this embodiment, the gas purge hole 16 for 
introducing inert gas into the pump is so provided 
20 in the discharge side casing portion 12 that the 
introduced inert gas is directed towards the dis- 
charge side sealing means 18B. On operation of 
the screw type vacuum pump, the inert gas such 
as nitrogen gas or argon gas is introduced towards 
25 the sealing means 188 through the gas purge hole 
16. The flow of the Introduced inert gas is divided 
into two flows, one for the bearing 88 and the other 
for the working chamber means 6. 

The other flow of the inert gas towards the 
30 working chamber means 6 is sucked thereinto by 
means of negative pressure generated in a space 
50 defined by ends of the discharge side casing 
portion 12 and of the rotor 5. The inert gas sucked 
into the working chamber means 6 is adiabatically 
35 compressed therein to generate heat to heat the 
rotors 4 and 5 and the wall of the casing 1 . Accord- 
ing this, the side reaction product generated in 
semiconductor manufacturing process is fully dis- 
charged without accumulating on the rotors and the 

40 casing wall. 

Further the inert gas is added to the process 
gas to reduce the partial pressure (density) thereof, 
so that the side reaction product is hard to deposit 
in the pump 36. 

45 The one flow of the inert gas towards the 

bearing 88 prevents the lubricating oil from leaking 
from the bearing 88 to the working chamber means 
6. 

Hereinunder the discharge side sealing means 
50 188 will be explained in detail with referring to Fig. 
9. 

The sealing means 188 includes a seal ring 51, 
a spacer 52, a carbon ring 53, a screw seal 54. a 
seal retainer 56 and a labyrinth 57 serving as a 
55 slinger. A ring 58 and a wave spring 59 are so 
disposed that these sealing members are clamped 
therebetween to fix the sealing means 188 in axial 
position- The screw seal 54 is provided with a gas 
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and they rotate in synchronized nnanner by nneans 
of timing gear means. The timing gear means 
include a male timing gear 9 mounted on the 
discharge side rotor shaft 4B, and a female timing 
gear 10 mounted on the discharge side rotor shaft 
5B for meshing with the male timing gear 9. The 
bearings 7B and 8B and the timing gears 9 and 10 
are lubricated by lubricating oil supplied by an oil 
pump (not shown) located outside of the vacuum 
pump. The male rotor 4 Is sealed at the rotor shafts 
4A and 48 by sealing means 17A and 17B, respec- 
tively. The female rotor 5 is also sealed at the rotor 
shafts 5A and 5B by sealing means 18A and 18B, 
respectively. The sealing means 17A, 17B, 18A 
and 18B serve to prevent lubricating oil from pass- 
ing into the working chamber means 6 through the 
bearings 7A, 7B, 8A and 8B, and the timing gears 
9 and 1 0. 

In this embodiment, an oil scraping slinger 19 
is provided at an end of the rotor shaft 5A of the 
rotor 5. On the rotation of the rotors 4 and 5, the 
slinger 19 splashes the bearings 7A and 8A with 
lubricating oil in an oil sump 20 defined by a part 
of the main casing 11 and a part of the end cover 
13. 

Fig. 4 shows a development of the rotor tooth 
spaces of the rotors 4 and 5 with centering an 
inter-sectional line a between a male bore and a 
female bore. The two-dot chain line, the dashed 
line and the broken line indicate positions cor- 
responding to a suction port 24, a discharge port 
25 and the gas purge hole 16. respectively. 

The working chamber means 6 is divided into a 
suction working chamber 6a, a transfer working 
chamber 6b, a compression working chamber 6c 
and a discharge working chamber 6d, respectively 
with respect to a gas flow direction. 

The vacuum pump explained above is con- 
nected at the suction side thereof to, for example, a 
vessel of a semiconductor manufacturing device, 
e.g. the low pressure CVD device so as to evacu- 
ate the vessel. 

The operation of the above-mentioned screw 
type vacuum pump will be explained hereinunder 
with referring to Figs. 1, 2 and 4 when applied to 
the process of manufacturing silicon nitride film 
with using dichtorsilane (SiH2Cl2) and ammonia 
(NH3) as process gas. 

When an external drive mechanism (not 
shown) drives the pump, the male rotor 4 and the 
female rotor 5 rotate to introduce the process gas 
into the suction working chamber 6a from the suc- 
tion inlet 14 through the suction port 24. The pro- 
cess gas is delivered through the transfer working 
chamber 6b and the compression working chamber 
6c to the discharge working chamber 6d and then 
discharged therefrom to the discharge outlet 15 
through the discharge port 25. Namely on the 



operation of the pump, the process gas flows from 
the suction inlet 14 to the discharge outlet 15 and 
during such operation the process gas is subjected 
to the suction stroke, the transfer stroke, the com- 

5 pression stroke and the discharge stroke in order. 

Fig. 5 is a p-v diagram showing pressure levels 
of the process gas in the respective working cham- 
bers. In the diagram, sections e-f, f-g, g-h and h-i 
indicate the suction stroke, the transfer stroke, the 

70 compression stroke and the discharge stroke, re- 
spectively. In the semiconductor manufacturing 
process in which a vacuum pump capable of dis- 
charging gas at a level of rate of 1000 dm^/min is 
required, dichlorsilane and ammonia are flown as 

75 process gas at levels of several tens of cc/min and 
several hundreds of cm^/min. respectively. As ap- 
parent from the diagram, the pressure of the pro- 
cess gas is remarkably high in the compression 
and the discharge strokes. However, the partial 

20 pressures of dichlorsilane and ammonia can be 
lowered to the levels of 1/10 to 1/100 of that in a 
conventional pump by injecting inert gas such as 
nitrogen gas or argon gas at several dmVmin to 
several tens dm^/min into the working chambers of 

25 the pump through the gas purge hole 16. 

In this embodiment, the partial pressure of the 
process gas is remarkably reduced thereby pre- 
venting ammonium chloride (NH4CI) from accu- 
mulating on the male and female rotors 4 and 5 

30 and the inner wall of the casing 1 . 

Another embodiment will be explained 
hereinunder with referring to Fig. 6. 

The positions of the gas purge holes 16 pro- 
vided in the main casing portion 1 1 are indicated in 

35 a development of the rotor tooth spaces of Fig. 6. 
The gas purge holes 16 are opened along the tooth 
spaces of the rotors 4 and 5. so that the process 
gas are well mixed with the inert gas (nitrogen gas) 
to reduce the partial pressure of the process gas in 

40 the respective working chambers of the pump. 

Next, the system of a low-pressure CVD device 
for manufacturing silicon nitride film will be ex- 
plained hereinunder with referring to Fig. 7, to 
which the screw type vacuum pump according to 

45 still another embodiment is applied. 

The screw type vacuum pump 36 is commu- 
nicated with one end (discharge side end) of a 
reaction chamber 31 through a butterfly valve 35, 
an automatic pressure control valve means 34, and 

so a main valve 32 and a slow discharge valve 33 
disposed parallel to the main valve 32. Two gas 
passage lines 44 and 45 are communicated with 
the other end (suction side end) of the reaction 
chamber 31 through solenoid valves 41 and 42 and 

55 mass flow controllers 38 and 39, respectively. A 
nitrogen gas supply passage tine 46 is commu- 
nicated with the vacuum pump 36 through a sole- 
noid valve 40 and a mass flow controller 37. Each 
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charge outlet. 

Preferably a change valve means is provided 
for delivering said separated inert gas to said suc- 
tion inlet during a predeternnined period after op- 
eration of said pump and for delivering said sepa- 6 
rated inert gas to said discharge outlet after a lapse 
of said predetermined period. 

With the screw type vacuum pump according 
to the invention a typical process for producing a 
silicon nitride film in a low pressure chemical vapor io 
deposition device (CVD) can be carried out accord- 
ing to the following formula 

SSiHaCb + IONH3 — SiN4 + 6NH4CI + 6H2 

15 

Ammonium chloride is generated as a side 
reaction product of this process. The higher the 
pressure becomes, the higher the deposltability of 
ammonium chloride becomes due to the vapor 
pressure characteristics thereof. As a result, in a 20 
screw type vacuum pump, ammonium chloride ac- 
cumulates on the surfaces of the rotor portions and 
the casing portions which cooperate with each oth- 
er to define working chambers contributing to the 
compression and the discharge strokes, respec- 25 
tively. When an inert gas such as nitrogen gas is 
introduced into the working chambers, a partial 
pressure or a concentration of ammonium chloride 
in the mixture of such introduced inert gas and 
ammonium chloride is lowered, so that it becomes 30 
harder for the ammonium chloride to deposit. 

Further, the inert gas in the working chambers 
is adiabatically compressed by pumping operation 
to heat the rotors and the casing wall. As a result, 
even though ammonium chloride is deposited as a 35 
side reaction product, it hardly adhere to or accu- 
mulate on the rotors and the casing wall. 

In addition, the pump according to the present 
invention is provided with means for introducing an 
inert gas. The inert gas introducing means is pro- 40 
vided in one of sealing portions for pump rotor 
shaft bearing portions, which is located in a dis- 
charge side of the pump. A part of inert gas 
introduced into the discharge side sealing portion 
flows into such discharge side sealing portion. The 45 
rest flows towards the working chambers to lower 
the density of the side reaction product. Further, 
the inert gas in the working chambers is ad- 
iabatically compressed to heat the rotors and the 
casing wall so as to prevent the side reaction so 
product from accumulating on the rotors and the 
casing wall. The inert gas introduced into the dis- 
charge side sealing portion prevents lubricating oil 
from leaking from the bearing portion to the work- 
ing chambers through the discharge side sealing 55 
portion. 

Furtheron, embodiments of the invention are 
described including the accompanying drawings, in 
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which 

Fig. 1 is a longitudinal sectional view showing a 
screw type vacuum pump in accordance with 
one embodiment of the present invention; 
Fig. 2 is a sectional view taken along the line 11-11 
of Fig. 1; 

Fig. 3 is a sectional view taken along the line III- 
III of Fig. 1; 

Fig. 4 is a view showing an engagement be- 
tween tooth spaces of the rotors in Fig. 1; 
Fig. 5 is a p-v chart of the pump in Fig. 1 ; 
Fig. 6 is a view showing an engagement be- 
tween tooth spaces of the rotors in another 
embodiment; 

Fig. 7 is a diagram showing a CVD device to 
which the vacuum pump according to the 
present invention is applied; 
Fig. 8 is a fragmentary sectional view showing 
still another embodiment; 

Fig. 9 is an enlarged fragmentary sectional view 
showing the sealing portion in Fig. 8; and 
Fig. 10 is sectional view showing a further still 
another embodiment. 
Referring to Figs. 1 to 3. a pump according to 
one embodiment of the present invention includes 
a casing 1, and a pair of rotors 4 and 5 accom- 
modated within the casing 1. The casing 1 is 
constituted of a main casing portion 11, a dis- 
charge side casing portion 12 attached to one axial 
end of the main casing portion 11, and an end 
cover 13 attached to the other axial end of the 
main casing portion 11. The pair of rotors includes 
a male rotor 4 and a female rotor 5. each of which 
is provided with a plurality of spiral lands and a 
plurality of spiral grooves. The spiral lands of one 
of rotors mesh with the grooves of the other one. 
The rotors 4 and 5 cooperate with the main casing 
portion 11 and the discharge side casing portion 12 
to define a working chamber means 6 there- 
between. The main casing portion 11 is provided 
with a suction inlet 14 communicated to the work- 
ing chamber means 6 and a gas purge hole 16 
seving as an inert gas introducing means. The 
discharge side casing portion 12 Is provided with a 
discharge outlet 15 communicated to the working 
chamber means 6. Further, the casing 1 is pro- 
vided with a water jacket 2 through which water 
circulates to cool the rotors 4 and 5 and the casing 
1. 

The male rotor 4 is journaled at a suction side 
rotor shaft 4A and a discharge side rotor shaft 4B 
by bearings 7A and 7B. respectively. The female 
rotor 5 is journaled at a suction side rotor shaft 5A 
and a discharge side rotor shaft 5B by bearings 8A 
and 88, respectively. These bearings 7A. 78. 8A 
and 88 are, for example, rolling bearings. 

The male rotor 4 and the female rotor 5 mesh 
with each other with a fine clearance therebetween 



3 



1 



EP 0 320 956 B1 



2 



Description 

The invention relates to a screw type vacuum 
pump comprising a pump casing having a suction 
inlet and a discharge outlet, a pair of rotors incor- 
porated within that pump casing and rotatively car- 
ried at opposite ends thereof, said rotors meshing 
with each other to rotate in synchronized manner, 
working chamber means defined by said rotors and 
said pump casing, bearing means provided in said 
pump casing for carrying said rotors, and sealing 
means disposed in said' pump casing associated 
with the respective bearing means. 

Such a screw type vacuum pump as described 
in EP-A-0 166 851 is capable by itself of perform- 
ing evacuation so as to achieve a low pressure of a 
level about 1,33 * 10"^ Pa. The pump is charac- 
terised in that working chambers thereof, which are 
defined by a male rotor, a female rotor and a 
casing, include two or three sealed sections be- 
tween a suction port thereof and a discharge port 
thereof. The pump includes a working chamber for 
contributing a transfer stroke, which has been not 
needed by conventional compressors. As the rotors 
of the pump rotate, the working chambers thereof 
contribute to the strokes of suction, transfer, com- 
pression and discharge, respectively. 

When used as a vacuum pump for general 
gases such as air or nitrogen gas, the above- 
described conventional pump has no problems. 
However, when used in a nitride film producing 
process in a low pressure chemical vapor deposi- 
tion (CVD) device for manufacturing semiconduc- 
tors, the rotors of such pump can become locked, 
which may incapacitate the pump. This is attrib- 
utable to the great amount of reaction products 
present on a discharge side of the rotors, in par- 
ticular on surfaces of tooth spaces contributing to 
the compression and the discharge strokes and on 
casing wall surfaces which correspond to the tooth 
space surfaces. 

US-A-4 268 230 refers to a gas ballast device 
for an oil sealed mechanical rotary vane vacuum 
pump, which device is intended to prevent vapor 
condensation in the outlet port region of the low 
vacuum stage of the pump as a vane cyclically 
approaches the outlet port. To this end atmospher- 
ic air is introduced through the gas ballast device 
at the predetermined moment in the working cycle 
of the pump in order to prevent the vapor con- 
densation. Thus, molecules of condensed vapor in 
the oil do not flow back to the low vacuum stage 
through an oil seal between the inlet port and the 
outlet port. 

EP-A-0 156 096 A3 refers to a shaft seal for a 
gas pumping device comprising a mechanical seal 
and a labyrinth seal in form of a sliding bearing. A 
chamber between the mechanical seal and the 



sliding bearing is fed with lubricant for the bearing 
at a pressure being higher than the gas pressure 

on the other side of the mechanical seal so that 
there is no leakage of gas past the mechanical 
5 seal. 

It is the object of the invention to improve the 
screw type vacuum pump of the generic kind such 
that a deposition of a process gas handled by the 
vacuum pump is prevented from accumulating on 

10 components of the vacuum pump. 

This object is achieved with the screw type 
vacuum pump of the generic kind by means for 
introducing inert gas towards at least the sealing 
means associated with the bearing means adjacent 

75 said discharge outlet whereby a part of the inert 
gas flows into the discharge side sealing portion 
preventing lubricating oil from leaking from the 
associated bearing means to the working chamber 
means and whereby the rest of the inert gas flows 

20 towards the working chamber means lowering the 
partial pressure of process gas in the pump so that 
a side reaction product can hardly be disposited in 
the pump, and being adiabatically compressed to 
generate heat to heat the rotors and the pump 

25 casing preventing also accumulation of the side 
reaction product on the rotors and the pump cas- 
ing. 

Conveniently each of the rotors is provided 
with a plurality of helical lands and grooves, the 

30 working chamber means comprises a pair of work- 
ing chambers defined by said rotors and said 
pump casing along the respective grooves of the 
rotors, one of satd working chambers being for 
making a compression and a discharge function 

35 and the other working chamber being for making a 
suction and a transfer function, and said means for 
introducing Inert gas introduce said inert gas into 
said discharging working chamber. 

Preferably the means for introducing inert gas 

40 comprise at least one gear purge hole provided in 
the pump casing. 

Advantageously the sealing means include in 
an axially fixed manner a seal ring, a spacer, a 
carbon ring, a screw seal, a seal retainer and a 

45 labyrinth, the screw seal being provided with a gas 
guide groove opposite to an opening of the gas 
purge hole. 

In an advantageous embodiment of the inven- 
tion flow control means are provided for exclusively 

50 allowing said inert gas passing into said working 
chamber means when a pumped process gas is 
sucked into said working chamber means. 

Furtheron, a gear case, into which the part of 
the inert gas is passed that flows into the discharge 

55 side sealing portion, means for extracting said inert 
gas from said gear case and for separating oil from 
said inert gas. and passage lines may be provided 
for delivering said separated inert gas to the dis- 
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